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REMARKS 



Claims 1-11, 14-21, 23-24, and 29-35 are currently pending. In the Office Action, the 
Examiner raised five (5) rejections regarding the pending claims. Applicant discusses each of 
these rejections separately below. 

I. Rejection of Claims 1, 14-21, 24, 30, 32, and 34 under 35 U.S.C. § 101 

The Examiner rejected claims 1, 14-21, 24, 30, 32, and 34 under 35 U.S.C. § 101 for 
statutory double patenting in view of claims 1, 15-22, 25, 33, 35, and 37 of Applicant's co- 
pending U.S. Application Serial No. 10/526,653. Applicants respectfully disagree. 

The claims in the instant application recite a 6,5 fused ring system 



in which the 5-membered ring is a pyrazolyl, i.e., the two nitrogen atoms in the 5-membered 
ring are adjacent to each other. In Applicant's co-pending U.S. Application Serial No. 
10/526,653, claims 1, 15-22, 25, 33, 35, and 37 recite a 6,5 ring system 



in which the 5-membered ring is an imidazolyl, i.e., the two nitrogen atoms in the 5-membered 
ring are separated by a ring carbon atom. Thus, the instant compounds recited in claims 1,14- 
21, 24, 30, 32, and 34 are not the same as those recited in claims 1, 15-22, 25, 33, 35, and 37 of 
Applicant's co-pending U.S. Application Serial No. 10/526,653. Thus, Applicants submit that 




(I) 
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the rejection under 35 U.S.C. § 101 is improper and respectfully request that this rejection be 
withdrawn. 

II. Rejection of Obviousness-Type Double Patenting of Claims 2-4, 6-11, and 23 

The Examiner rejected claims 2-4, 6-11, and 23 for nonstatutory obviousness-type double 
patenting in view of claims 2-4, 6-12, and 24 of Applicants' co-pending U.S. Application No. 
10/526,653. 

Applicants have filed herewith a Terminal Disclaimer under 37 CFR § 1.321(c) and 
believe that this rejection is now moot. 

III. Rejection of Claims 15, 16 and 18 under 35 U.S.C. § 112, Second Paragraph 

The Examiner rejected claims 15, 16, and 18 under 35 U.S.C. § 1 12, Second Paragraph, 
as allegedly "being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as in the invention." Specifically, the Examiner alleged that "[i]t 
is not clear what numbering system is being used by applicant to identify the 5- and 6-positions; 
and what group of molecules would fall within the metes and bounds of the claim[s]." Applicant 
disagrees. 

The "5- and 6-positions" refer to the attachment position of R 1 which is a substituent 
located on the pyridinyl group. It is known in the art that the numbering of a pyridinyl group 
starts with the ring nitrogen atom as the 1 -position. Accordingly, the pyridinyl group in formula 
I depicted in claim 1 is 2-pyridinyl, which means that it is the 2-position ring atom of the 
pyridinyl ring that is connected to the pyrazolyl group. As such, the 5- and 6-positions on which 
R 1 is attached are the ring atoms next to the ring nitrogen atom as depicted below. This is the 
way a skilled person in the art 




(I) 



would determine the numbering of the compounds of formula (I). 
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Additionally, Applicant specifically named in the specification exemplary compounds 
which include the substituent "6-methyl-pyridin-2-yl." Chemistry structures corresponding to 
these compound names would indicate that the numbering of the pyridinyl ring in these 
exemplary compounds is consistent with what Applicant describes and shows in the preceding 
paragraph, which again is the way a skilled person in the art would number the different ring 
atoms in on the pyridinyl substituent. 

Further, a skilled person in the art can easily obtain the structure of a 5- or 6-substituted 
pyridinyl group by using chemical nomenclature software such as the commercially available 
ChemDraw® program. 

Thus, Applicant submits that claims 15, 16 and 18 are not indefinite and requests that the 
Examiner reconsider and withdraw this rejection. 

IV. Rejection of Claims 1-11, 14-21, 23-24 and 29-35 under 35 U.S.C § 112, First 
Paragraph 

The Examiner rejected claims 1-11, 14-21, 23-24 and 29-35 under 35 U.S.C. § 1 12, First 
Paragraph, for allegedly "failing to comply with the written description requirement." 
Specifically, the Examiner stated that "[although there are two compounds disclosed for 
reacting with the compounds of formula (I), which contains 4-7 N atoms in a formula (I), 
meaning that many different possible [N]-oxides compounds may be formed during such a 
reaction, no specific [N]-oxide compounds have been named." Accordingly, the Examiner 
asserted that Applicant was "not in possession of c [N]-oxides' of compounds of formula (I)." 
Applicant disagrees with the Examiner for the reasons set forth below and accordingly requests 
that this rejection be withdrawn. 

An N-oxide (also known as "amine oxide") is a chemical compound that contains the 
functional group R^-QT (sometimes written as R 3 N=0 or R 3 N-* O) and there is abundant 
literature teaching one how to make such a compound. It is well known to a person skilled in the 
art to which the present invention relates that an N-oxide can be prepared by N-oxidation 
reaction, e.g., oxidation of a tertiary amine or a pyridine analog with hydrogen peroxide (H 2 0 2 ), 
Caro's acid, or peracids like mCPBA. See a review article predating this application, a copy of 
which is attached hereto as Exhibit A. In other words, a tertiary amine or a pyridine analog can 
form an N-oxide by oxidation. The structure of formula (I) shown above contains 4-7 ring N 
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atoms all of which are tertiary amine, and 1-2 of which are contained in the pyridine analogs. 
Thus, to a skilled person in the art, all of these ring Nitrogen atoms are suitable candidates for 
forming N-oxides by using various oxidizing agents. 

It is also known that "Tertiary amines can be converted to amine oxide by oxidation. 
Hydrogen peroxide is often used, but peracids are also important reagent for this purpose. 
Pyridine and its derivatives are oxidized only by peracids." See Jerry March, Advanced Organic 
Chemistry Reactions, Mechanisms, and Structure, Fourth Edition, John Wiley & Sons, Inc. (New 
York, NY), 1992, pp. 1200-1201, a copy of which is attached hereto as Exhibit B. Similar to the 
discussion above, March also indicates that tertiary amines and the nitrogen atom of pyridine are 
both capable of forming N-oxides, with different oxidants at different degrees, which can also be 
readily determined by a skilled person in the art to which this invention relates. 

In sum, methods for preparing N-oxides from tertiary amines and pyridine analogs, just 
like those contained in formula (I) of the present application, are well known in the art. As stated 
by the Federal Circuit in In re Buchner, 929 F.2d 660, 661, "[t]he specification [of a patent 
application] need not disclose what is well known in the art." (Citing Lindemann 
Maschinenfabrik GMBH v. American Hoist & Derrick Co., 730 F.2d 1452, 1463 
(Fed.Cir.1984).) Thus, Applicant submits that a detailed description of methods for preparing N- 
oxides of compounds of formula (I) need not be included in the specification in order for this 
application to meet the written description requirement. 

However, in addition to the abundant teaching in the literature on how to make N-oxides, 
Applicant has provided in the specification an exemplary description of the same at page 9, line 
28, to page 10, line 2, as the Examiner recognized in the Office Action on page 6, lines 8-9. As a 
result, one skilled in the art would be able to the use the guidance provided in the specification as 
well as the known chemistry regarding N-oxides not only to recognize what species are 
contained within the genus of formula I but also recognize how to make those N-oxide species. 

Therefore, in view of the known methods and the exemplary description in the 
application, Applicant submits that the claimed N-oxides of the compounds of formula (I) are 
indeed "described in the specification in such a way as to reasonably convey to one skilled in the 
relevant art that the inventor(s), at the time the application was filed, has possession of the 
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claimed invention." As such, Applicant requests that the Examiner reconsider and withdraw this 
rejection. 

V. Rejection of Claims 1-11, 14-21, 23-24, and 29-35 under 35 U.S.C. § 112, First 
Paragraph 

In rejecting claims 1-1 1, 14-21, 23-24, and 29-35 under 35 U.S.C. § 1 12, First Paragraph, 
the Examiner asserts that "the specification, while being enabling for synthesizing the 
compounds named in claim 29, does not reasonably provide enablement for using the 
compounds of formula (I), including the compounds named in claim 29." Specifically, the 
Examiner also alleged that the "specification does not enable any person skilled in the art . . . to 
use the invention commensurate with these claims . . . Applicant has provided no evidence in 
support of the claim that the compounds of the invention, including the elected compounds, are 
useful for inhibiting the TGFbeta signaling pathway in a subject, nor a reasoned mechanism of 
action by which this complex signaling pathway would be inhibited." (Emphasis added). 
Applicant disagrees. 

One of the utilities of the claimed compounds of the present application relates to 
inhibiting a TGF/3 receptor, thereby "inhibiting the TGFbeta signaling pathway in a subject." In 
the specification, Applicant provided assays for evaluating inhibition of autophosphylation of 
TGFjS Type I receptor (see Example 2), for evaluating inhibition of active type I receptor kinase 
(Example 3), for evaluating cellular inhibition of TGFjS signaling (Examples 4 and 5), and 
TGF/3-induced collagen expression (Example 6). Additionally, Applicant also described the 
activities of the compounds tested by some of these assays. For instance, in Example 3, 
Applicant provided that "Compounds of formula (I) typically exhibited LD 2 values greater than 
10 /xM" for inhibiting "TGF/3-induced PAI-Luciferase reporter activity in HepG2 cells;" and that 
"Compounds of formula (I) typically exhibited IC 5 o values of less than 10 /xM; some exhibited 
IC50 values of less than 0.1 /xM" for inhibiting the "serine-threonine kinase activity of TGF/3 type 
I receptor." 

Clearly, the provision of these assays enables a person skilled in the art to which this 
invention relates to determine the disclosed utility of the compounds of this invention (i.e., 
inhibiting a TGF/3 receptor), thereby "inhibiting the TGFbeta signaling pathway in a subject." 
Further, the statements about the act (LD 2 and IC50 values) of the tested compounds are indeed 
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relevant "evidence in support of the claim that the compounds of the invention, including the 
elected compounds, are useful for inhibiting the TGFbeta signaling pathway in a subject." For 
these reasons, Applicant is puzzled by the Examiner's statement that "no evidence [has been 
provided] in support of the claim that the compounds of the invention ... are useful for inhibiting 
the TGFbeta signaling pathway in a subject." In fact, Applicant believes that the assays and 
statements provided in the specification make the application enabling. See Example 2-6 of the 
specification. Therefore, Applicant submits that the Examiner's rejection of claims 1-11, 14-21, 
23-24, and 29-35 under 35 U.S.C. § 1 12, First Paragraph, should be withdrawn for the reasons 
set forth above. 

Additionally, Applicant would like to point out that in the background section of this 
invention Applicant has included a large number of publications which discuss the mechanisms 
of TGFjS signaling pathways and the connections between TGF/3 signaling pathways and various 
human diseases or disorders. See, e.g., pages 1 and 2. All of these publications have been 
incorporated by reference in their entireties. Based on these disclosures, "there is a reasonable 
correlation between the disclosed in vitro utility and an in vivo activity." Cross v. Iizuka, 753 
F.2d 1040, 1050 (Fed. Cir. 1985). Thus, the disclosed in vitro assays in this application would 
also enable a skilled person in the art to use the present invention as claimed in method claims 
32-35. Moreover, claims 34 and 35 recite methods of modulating TGF/3 type I receptor in a cell . 

Lastly, Applicant notes that the claims identified in this rejection include compound, 
pharmaceutical composition and method of use claims. Without acquiescing to the enablement 
rejection of the method claims, Applicant submits that the compound and pharmaceutical 
composition claims are enabled since the specification provides detail on how to make the 
compounds and five assays for demonstrating the usefulness of the compounds for modulating a 
TGF/3 type I receptor. 



For the reasons set forth above, Applicant submits that the rejections raised by the 
Examiner in the Office Action should either be withdrawn or have become moot. Thus, all the 
pending claims as currently examined are now in the condition for allowance, which action is 
respectfully requested. 



CONCLUSION 
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REQUEST FOR EXTENSION OF TIME 



Applicants request that the due date for responding to the Office Action be extended for 
one month, from February 20, 2008, to March 20, 2008. Please charge the requisite fee of 
$120.00 to Deposit Account No. 503,654, referencing the Attorney Docket No. 124269-00075. 
If there are any other charges or credits, please apply them to the same Deposit Account and 
refer to the same Attorney Docket number. 



Miller, Canfield, Paddock and Stone, P.L.C. 
277 S. Rose Street, Suite 5000 
Kalamazoo, MI 49007 
Telephone: (269)381-7030 
Facsimile: (269) 383-5828 



Respectfully submitted, 



Date: 
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Recent trends in the chemistry of pyridine JV-oxides 

Shaker Youssif 

Department of Chemistry, Faculty of Science, Zagazig University, Zagazig, Egypt 
(received 16 Mar 01; accepted 10 Dec 01; published on the web 18 Dec 01) 


Abstract 

This review describes the synthesis and reactions of pyridine N-oxides within the last ten years. The first part 
surveys the different synthetic methods which include ring transformation, classical oxidations using peracids, the 
use of metal loorganic oxidizing agents and cycloaddition reactions. The second part surveys the reactions of 
pyridine N-oxides including the deoxygenation, nucleophilic reaction and cycloaddition to N-0 bond. 

Keywords: Synthesis of pyridine N-oxides, reactions of pyridine N-oxides, cycloaddition reactions, metallorganic 
oxidizing agents 


Introduction 
Spectroscopic properties 

1 Synthesis of pyridine N-oxides 

1.1 From the esters of N-hydroxy-2-thiopyridone 

1 .2 By ring transformation of isooxazoles. 
1.3. By the oxidation of pyridine derivatives 

1.3.1 Using H 2 0 2 /AcOH 

1.3.2 Using H 2 0 2 / manganese tetrakis(2,6-dichlorophenyl)porphyrin 

1 .3.3 Using H 2 0 2 / methyltrioxorhenium (MTO) 

1.3.4 Using dimethyldioxirane (DMD) 

1.3.5 Using bis(trimethylsilyl)peroxide (BTSP) 

1 .3.6 Using Caro's acid 

1.3.7 Using m-chloroperoxybenzoic acid 

1 .3.8 Using oxaziridines 

1 .4 Through cycloaddition reaction 

2 Reactions of pyridine N-oxides 

2.1 Deoxygenation 

*1 x"» * J** 1 1 1 • 1 • "VT "J 

2.2 Rearrangement of allyloxypyndine N-oxide 

2.3 Nucleophilic reactions 

2.4 Metallation followed by electrophilic substitution 

2.5 0- Alkylation. j 

2.6 Nucleophilic substitution of 3 -bromo-4-nitro pyridine N-oxide. 

2.7 Cycloaddition to dipolar N-0 

3 Conclusion 

Introduction 

The chemistry and applications of N-oxides have recently received much attention due to their usefulness as 
synthetic intermediates and their biological importance 1 Heterocyclic N-oxides are also useful as protecting groups, 
auxiliary agents, oxidants 1 , ligands in metal complexes 2 and catalysts 1 . 
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The N-0 moiety of pyridine N-oxides possesses a unique functionality which can act effectively as a push 
electron donor and as a pull electron acceptor group. This strong push-pull property has an essential chemical 
consequence; it accounts for the equally easy synthesis of 4-substituted derivatives of pyridine N-oxides with donor 
as well as acceptor groups. The contribution of the resonance forms I and II depends on the nature of the substituent 
at position 4. The strong electron-acceptor nitro group favors the charge transfer form II. 3 " 5 




Spectroscopic properties 

For the single pyridine ring hydrogen atom of an isolated molecule three different vibrations are expected, e.g. =C-H 
stretch, in plane bend and out of plane deformation. The crystal data have shown that there are two different types of 
= C-H bonds in crystal. 6 The =C-H stretch band is split into two components in the Raman spectrum, at 3066 and 
3054 cm" 1 , while IR spectrum shows just one band at 3052 cm" 1 . The strongest band in the IR spectrum is 
observed at 1231cm" 1 together with adjacent absorptions at 1238 and 1250 cm" 1 ; and the Raman band at 1252 cm" 1 
these are assigned to the N-0 stretch, because this vibration is accompanied by a large change in dipole moment and 

polarizability. 7 " 8 The blue shifted very strong IR band at 1258 cm" 1 supports both the assignment to v (N-O) and 
existence of CH O-N hydrogen bonding. 
UV spectra 

The electronic structures and spectra of heterocyclic amine N-oxides have been extensively studied by many 
researchers. In the case of pyridine N-oxide, the strong n-n* band was observed near 280 nm, in aprotic solvents. On 
going from pyridine N-oxide to 2,6-dimethylpyridine N-oxide this band shows a blue shift to 274 nm.The study of 
3-halo-2,6-dimethylpyridine N-oxides has shown that apart from the strong 272-278 nm band, two or three more 
bands are observed in the regions 220-240 and 310-330 nm.The third, weak band is observed at 363.3 nm. It might 
originate from the n-rc* transition, i.e. excitation from HOMO to either the LUMO or higher MO. This band is 
observed at a significantly higher energy (363.3 nm) for 4-chloro-2,6-dimethyl-3-iodopyridine N-oxide than for 3- 
iodo-2,6-dimethyl-pyridine N-oxide (329 nm). 9-11 

1 Synthesis of pyridine N-oxides 

1.1 From the esters of N-hydroxy-2-thiopyridone 

The reaction of diethyl azodicarboxylate (DAD) with a series of the esters of N-hydroxy-2-thiopyridone of general 
formula 1 afforded compounds (2a-e). The irradiation of compounds 2 in acetonitrile with a medium pressure 
mercury lamp at room temperature for 1-4 h led to the formation of the corresponding dimers 3 as well as the 
expected disulfides 4 as shown in (Scheme 1). 12 
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o 




4 3 



R = -CH 2 CH 2 Ph, -(CH 2 ), 4 CH 3 , -CH = CH 2 , -CH 2 CH = CH 2 , -cyclohexyl 
Scheme 1 

1.2 By ring transformation of isoxazoles 

5-Cyanomethyl-2-isoxazolines (5) were reported to react with catalytic amount of base, such as 1 ,5-diazobicyclo 
[5.4.0]undec-5-ene (DBU) in boiling xylene to form 6-substituted-2-amino pyridine N-oxides (6). 13 The 
transformation should proceed through the cyclization of the reactive Z-vinylene-hydroxylamine spontaneously to 
give the final product 6. 




R = -Me, -C 6 H 5 , -CH=CHC 6 H 5 

1.3 By the oxidation of pyridine derivatives 

1.3.1 Using H 2 0 2 /AcOH 

Picolinic acid (7) was converted into 4-nitropicolinic acid N-oxide (8), which on treatment with hydrogen chloride 
in methanol afforded 4-chloropicolinic acid N-oxide (9) 14 . 
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NO, 01 



^ N ^COOH ^fi^COOH ^N^COOH 

A- A- 

7 8 9 

(a)KOH. (b) H 2 0 2 /AcOH. (c) HN0 3 /H 2 S0 4 . (d) HC1. 

On the other hand, the isonicotinanilide N-oxide (12) have been prepared from isonicotinic acid (10) via the 
anilide(ll). 15 




10 

(a) SOCI 2 . (b) PhNH 2 / EtjN/ CHC1 3 . (c) H 2 0 2 /AcOH. 

Oxidation of 2,6-diamino-3,5-dinitropyridine (13) with 30% aqueous hydrogen peroxide in acetic acid under 
reflux afforded 2,6-diamino-3,5-dinitropyridine N-oxide (14) in 80% yield. 16,17 



H,N N H 2 H 2 In N NH 2 



1 2 I 

13 14 

1.3.2 Using H 2 0 2 / manganese tetrakis(2,6-dichlorophenyl)porphyrin |Mn(TDCPP)Cl| 

A variety of pyridine derivatives 15a-d were converted into their corresponding N-oxides 16a-d in good yields and 
high chemoselectivity in the presence of hydrogen peroxide as oxygen donor, catalytic amount of manganese 
tetrakis(2,6-dichlorophenyl) porphyrin [Mn(TDCPP)Cl] and ammonium acetate as cocatalyst in CH 2 C1 2 / 

CH3CN. 18 The pyridines bearing an alkyl substituents shows almost complete conversion to N-oxides rather than 
pyridines bearing chlorine substituent. 



z 

MnTDCPPCI. CH 3 CQ 2 NH 4 
j| H 2 Q 2t GH 3 CN/ CH 2 C1 2 j 



(51 

r.t, 2h, 33-94% ^jji 



O- 

15 16 



(a) Z = H. (b) Z = 2-CH3. (c) Z = 4-CH3. (d) Z = 2-C1. 
1.3.3 Using H 2 0 2 / methyltrioxorhenium (MTO) 



Pyridines 17a-c are oxidized in high yields to their N-oxides 18a-c by using 30% aqueous H 2 0 2 in the presence of 
catalytic amounts of methyltrioxorhenium (MTO). It was noted that, 3- and 4-substituted pyridines, regardless of 
their electronic nature, gave high yields of the corresponding N-oxides on using only 0.2-0.5 mol% of MTO. 

On the other hand, the most simple 2-substituted pyridines require high catalyst loading, typically 5 mol%to 
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reach both full conversion and high yields. I9 " 28 
X 



0 



MeReO, (0.5 mol%) 
30% aq. H 2 0 ? , r.t. 



N 

o- 

18 



>N , 2-3 min. GH 2 CI 2 
17 

(a) X = CN (2-, 3-, 4-). (b) X = CH 3 CO (3-, 4-). (c) X = F (2-) 
1.3.4 Using dimethyldioxirane (DMD) 

Addition of excess of dimethyldioxirane (DMD), to a solution of pyridines 15a and/or 19a-d in CH 2 CI 2 at 0°C led 
to rapid and quantitative conversion to the corresponding N-oxides 16a and 20a-d. 23 " 35 



R<%"V 
15a, 19a-d 



DMD, CH 2 CI 2 , 0°C 



R N R 1 
O" 



16a,20a-d 



15a, 16a) R ! =R 2 = R 3 = R 4 = H 

19a, 20a) R 1= R 4 = H, R 2 = R 3 = CH 3 

19b, 20b) R 2 = R 3 = H, R 1 = R 4 - CH 3 

19c, 20c) R 2 = H, R ] = R 3 = R 4 = CH 3 

19d, 20d) R l = R 2 = R 4 = H, R 3 = 4-(3-cyclohexenyl) 



1.3.5 Using bis(trimethylsilyl)peroxide (BTSP) 

It was found that methyltrioxorhenium MTO can be replaced in the epoxidation process by cheaper and more 
readily available inorganic rhenium derivatives. Aqueous H 2 0 2 is also replaced by bis(trimethylsilyl)peroxide 

(BTSP) 36 . For example, when a mixture of methyl isonicotinate (21) and perrhenic acid in CH 2 C1 2 was treated with 
BTSP and stirred for 6h at 24°C afforded N-oxide 22. 

COOMe COOMe 



0.5 mol % HOReO, 
jj 1.5eq.Me 3 SiOOSiM e3 f N 

k N J 1«2min.,CH 2 CI 2 



70- 98% 
O- 



21 22 



1.3.6 Using Caro's acid 



The synthesis of aminopyridine N-oxides involved acylation of the amino group, oxidation of the ring nitrogen and 
deprotection has been reported 1 . The use of Caro's acid (peroxomonosulfuric acid, H 2 S0 5 ) allows two useful 
variations: a)The reaction can be carried out over a wide pH range and b) The reaction can be carried out in water. It 
has been shown that, the reactions take place under neutral or basic conditions. When aminopyridines 23 were 
dissolved in KOH and Caro's acid was added slowly at room temperature with stirring the corresponding N-oxides 
24 were isolated. 373 
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1.3.7 Using m-chloroperoxy benzoic acid (MCPBA) 



Treatment of 3-trichloromethylpyridine (25) with m-chloroperoxybenzoic acid (m-CPBA) in dry chloroform gave 3- 
trichloromethyl-pyridine N-oxide (26). 37b 




I 

o- 



25 26 



The oxidation of heterocyclic compounds by m-CPBA/HCl/DMF system has been reported. 38 " 42 For example 
the N-oxidation of some pyridines with m-CPBA in DMF/MeOH in the presence of HF afforded their N-oxides in 

excellent yields 43 . The N-oxidation of 3,5-lutidine (27) and nicotinic acid (28) gave their N-oxides 29 and 30, 
respectively in excellent yields. 




4- 



27 R = R 1 = CH 3 29 
28R = COOH,R 1 =H30 

The oxidation of 3-substituted pyridines (31) to their corresponding pyridine N-oxides 32 using (m-CPBA) gave 
the highest yield when compared to other oxidizing agents such as 30% H 2 0 2 in glacial acetic acid, sodium 

perborate monohydrate, potassium peroxymonosulfate and magnesium monoperoxy-phthalate 44-46 




(a) R = CH 2 COOEt. (b) R = CH 2 CH 3 . (c) R = CONH 2 . 
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1.3.8 Using oxaziridines 

Perfluoro-(cis-2,3-dialkyloxaziridine) (33) proved to be versatile oxidizing agents 47 , being powerful enough to give 
a clean oxy functional ization. So, the oxygenation of the heteroatom site of substrates 15a, 34b-c to give N-oxides 
(16a,35b-c) has been observed for all tested substrates and in some cases animation of the same site also occurred to 
give variable amounts of N-aminides (36a-c). 

o N R N R 

O- -N C 3 F 7 

15a, 34 33 16a, 35 36 g 

15a, 16a, 36a R* = R 2 = R 3 = H 
34b, 35b,36b R 1 = R 2 = H, R 3 = CH 3 
34c, 35c,36c R 1 = R 2 = H, R 3 = (CH 3 ) 2 CH 

The formation of N-aminides (36) have been performed according to the following mechanism: 

R 3 



+ / \ C 3 F 7 



15a. 33tx 34b-c 




+H,0, -HF 



ex. — <x 



h OH 



I 

o 



36a-c 



1.4 Through cycloaddition reactions 

4-Nitroisoxazoles (37) substituted at position 5 easily undergo [2,4] cycloaddition reaction, leading to polynuclear 
heterocyclic systems. 48 " 50 When compounds 37 were allowed to react with an equimolecular amount of 4-(l- 
cyclopenten-l-yl)morpholine (38) in alcohol at room temperature, the bicyclic pyridine N-oxide (39) were obtained 
in moderate yield. 51 
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2 Reactions of pyridine N-oxides 
2.1 Deoxygenation 

The deoxygenation of aromatic N-oxides, which are important in the syntheses of nitrogenous aromatic heterocycles 
have been reported. 52 " 60 The reaction of 2,6-dimethylpyridine N-oxide hydrochloride (40) with phosphorus 
oxy chloride in the presence of potassium carbonate led to the formation a mixture of 41 and 42. Treatment of the 
mixture with triethylamine converted the more reactive 41 to quaternary salt 43 which upon treatment with water 
gave 42 in (61%) yield. 61 
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H.cV^CH.HCi ***** H> C>* A CH,C I H.C^N^CH, 



I. 
O 

40 



41 



A 



42 



H £ N CH^C^CI 
43 



The addition of trifluoroacetic acid anhydride to a suspension solution of 4-cyanopyridine N-oxide (44) and Nal 
in CH 3 CN afforded the formation of 4-cyanopyridine (45). 62 " 63 



CN 

6 



NT 
44 



(CF 3 CO) 2 Q 
CH 3 CN 



" CN 

6 



CF 3 COC 2Nal/CH 3 CN 



N 
I 



_ 0-COCF 3 _ 



CN 

M 6 



+ l 2 + CFjCOOH 



N 
45 



It was found that aluminum iodide can be used as an economic and convenient reagent for the reductive cleavage 
of N-0 bond in heterocycles. The reaction of aluminum iodide with pyridine N-oxides 16a and 46 afforded products 
15a and 47, respectively in high yields. 64-65 



Or' 

N 

I 

0- 
16a, 46 



1) Allj/CHjCN 
reflux , 6h w 

2) H 2 0 / NH 3 
80-82% 



15a, 47 



15a X = H; 47X = C1 

In some cases the resulting N-oxide efficiently decomposes the dioxirane with liberation of oxygen gas and 
regeneration of heteroarene. The deoxygenation of N-oxides by dioxirane proceeds by an S N 2 attack of the 
nucleophilic N-oxide oxygen atom on the dioxirane peroxide bond as shown below. 4-N ) N-Dimethylaminopyridine 
N-oxide (24c) was partially deoxygenated by dimethyldioxirane (DMD) to the corresponding amine (23c). 29 



NMe 2 

6- Ix 



S N 2 



N 

L 
O 

24c 



NMe 2 

0- 

N O 



NMe 2 



N 

23c 



The best results were reported for the deoxygenation of pyridine N-oxides, when the reaction of compound 48 



was carried out using zinc (4.5 eq.) 66 gave 49. 
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Ph Ph 

Zn/ aq.NH 4 CI/ THF Vrs. 

rV |1 rt..15min. P\ | 

^ 65-96% ^ 

o - 

49 



48 



The reduction products of p-nitropyridine N-oxide (50) depends on the concentration of reducing agent. Thus, 
the reduction of 50 with 3 molar equivalents of TiCl 4 /SnCl 2 affords the azocompound (51) in almost quantitative 
yield. When 2 molar equivalents of the reagent were used, the reaction afforded 4,4 -azopyridine 1,1 -dioxide (52) 
as the exclusive product. The increasing of SnCl 2 amount in the reagent (TiCl 4 :SnCl 2 ratio = 1:2, reagent : N-oxide 

ratio = 3:1) results in the formation of 4-pyridinamine (53) in high yield. 67 " 69 




2.2 Rearrangement of allyloxypyridine N-oxide 

Thermal rearrangement of 2-allyloxypyridine N-oxide (54) yields N-allyloxy-2-pyridones (55) and 3- allyl-N- 
hydroxy-2-pyridones (56). 70 " 72 These transformation are shown to be regiospecific and the reactions involve 
concerted [1,4] and [3,3] sigmatropic rearrangements. 



M.41 



Q. 



a- 



4- S> 



f3,3l 



54 



N 

55 



cr 



OH 
56 



2.3 Nucleophilic reactions 



The reaction of 2-amino-3-ethoxycarbonyl-5-(4-pyridyl)pyridine N-oxide (57) with ethylmalonylchloride (58) in 
methylene chloride at room temperature affords the corresponding 2-ethoxycarbonyl-acetamidopyridine N-oxide 
(59) and the oxadiazole derivative (60). 73 



COOCHj 



h+'hHj \oa s " fTtns ^n^nhcoch^cooch, V " 

I- A- 0-4 

° U CH-COOC,H, 

57 68 eg 60 
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3,5-Difluoropyridine (61) was converted into its N-oxide 62 in order to activate the system to electrophilic 
attack. Nitration of 62 gave the 4-nitro derivative 63 as the major isomer, together with the 2-nitro isomer 64. 
Treatment of 63 and 64 with ammonia gave the amino derivatives 65, 66 and 67. Thus, the synthetic value of this 
reaction was demonstrated when the reaction was carried out with 3, 5 -dichloro pyridine (68), which upon nitration 
gave the nitro compound 69. Treatment of 69 with ammonia resulted in the formation amino derivative 70 as shown 
in Scheme 2. 74 



A- o- o- 



61 62 63 



O" 
64 

I Hi 



N0 2 NO* 

A- c- o- 

67 66 65 




(i) H 2 0 2 / AcOH. (ii) Fuming H 2 S0 4 . HN0 3 . (iii) NH3/ CH3CN. 
Scheme 2 

Displacement of chlorine in 4-chloropyridine N-oxide (71) to give the quaternary salt (72), could be achieved 
upon treatment with pyridine (15a) in tetracyanoethylene (TCNE). 75 



o 



0 ■ 0 



TCNE c f 



6' 



O" N 
71 15a 72 

The reaction of 3-trichloromethylpyridine N-oxide (26) with 1.5 eq of sodium methoxide in tetrahydrofuran 
(THF) afforded a mixture of 73a and 73b. When 4.5 eq of sodium methoxide was reacted with 31, a mixture of 73a, 
73b and 73c was obtained. Similarly, the reaction with methyl thioglycolate or 2-mercaptoethanol in triethylamine 
at room temperature afforded 73d and 73e. 37b 



, CC, 3 

NU 



R N 




o- O* 

26 73 



73a R 1 = -OMe, R 2 = -CH(OMe) 2 
73b R 1 = -OMe R 2 = -CHC! 2 
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73c R 1 = -OMe R 2 = -C(OMe) 3 

73d R l = -SCH 2 COOMe 5 R 2 = -CHCI 2 

73e R 1 = -SCH 2 CH 2 OH, R 2 = CHC1 2 

2.4 Metallation followed by electrophilic substitution 



Lithiation of 2 -N,N-diisopropylcarboxamido pyridine N-oxide (74a) and 2-pivaloyl-aminopyridine N-oxides (74b) 
and (74c) with lithium diisopropylamide (LDA) in tetrahydrofuran (THF) at -75°C resulted in the formation of 75. 
Carboxamides and pivaloylamino groups are known to be ortho-directing groups under other conditions. 76 " 77 
Reaction of various electrophiles namely, benzaldehyde, iodine, carbon dioxide and deuterated ethanol with the 
intermediate lithio species provided the corresponding compounds 75. 




aZ = CONPr i 2 , R 
bZ = NHCOBu l R 
cZ=NHCOBu t R 
E = -D 



H E = -CH(OH)Ph 

HE = -I 

Me E = -COOH 



It has been reported that the reaction of butyl lithium with 3,4-dimethoxypyridine N-oxide (76) undergoes a 
regioselective metallation at C-2. Compound 76 was lithiated with 2.2 eq of butyl lithium in THF at 0°C for 45 min. 
to give an intermediate lithio species which on reaction with various electrophiles afforded the corresponding 2-,6- 
or 2,6-functionalized products 77, 78, and 79 respectively 78 




77 78 79 



a; E = D c; E = 2-MeC 6 H 4 CH(OH) 

b; E = MeCH(OH) d; E = I 

i = BuLi, THF, 0°C, 45min.; ii, electrophile, -75°. 



When compound 14 was treated with hydroxy lam ine hydrochloride in aqueous KOH, it afforded compound (80) 
in 39% yield. 16 The process of amination took place by indirect nucleophilic substitution, since the amino group was 
introduced from hydroxylamine or 4-amino-l,2,4-triazole. 79 Nitration of 3,5-dimethoxypyridine N-oxide (81) gave 

3.5- dimethoxy-2,6-dinitropyridine N-oxide (82) . Aminolysis of 82 gave 84, rather than the expected 3,5-diamino- 

2.6- dinitropyridine N-oxide (83). 
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d>- o- o" 

81 82 \, 84 



H 2 N _ ^NH 2 



X 

83 

2-Nitroaminopyridine N-oxides (85) were converted to 2-amino-5-nitro-pyridine N-oxides (86) 80 in the presence 
ofsulfuricacidat80°C. 

R R 

a a 

85 86 

R = H, 3-Me, 4-Me, 6-Me 

2.5 O- Alkylation 

The alkylation of pyridine N-oxides 87 with alkyl halides 88 in acetonitrile at 25°C afforded the N- 
alkyloxypyridinium halides 89. 81-82 

R 1 R 1 
n x ijr X 

6. 88 OCH 2 R 2 
87 89 

R 1 = Me, MeO, Me 2 N; R 2 = H, Me, Ph, PhCO; X = I, Br 

2.6 Nucleophilic substitution of 3-bromo-4-nitropyridine N-oxide 

Heating of 3-bromo-4-nitropyridine N-oxide (90) with potassium salt of 3-hydroxypyridines (91) in anhydrous DMF 
at room temperature, afforded 4-nitro-3,3 -oxybispyridine N-oxide (92). Repeating the above experiment in 
methanol gave 3-bromo-4-methoxypyridine N-oxide (93). 83 
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3mol.eq. ^{*~ \ „, J7~^ 

W 67 W 94% 



NO, 



6 2 mol.eq. 
TiCI 4 /SnCI 2 



N 
I. 
O 



-"o-n*~^-n=n-^Tn-6 

68 98% 



,TiCI«:SnCI 2 NH 2 



6 



69 



95% 



R = Me, CH 2 Ph, CH 2 Ph-4-CF 3 



When 3-iodo-2,6-dimethyl-4-nitropyridine N-oxide (94) was treated with acetyl chloride at 50°C for 30 min. 
afforded 4-chloro-3-iodo-2,6-dimethylpyridine N-oxide (95) 84 " 85 in 89% yield. 

N0 2 CI 

CH3COCI f^f 

, ... H^rcH, 

O- O- 
94 95 




2.7 Cycloaddition to dipolar N-O 

The cycloaddition of pyridine N-oxides 96a,b to nitrilium salts 97a,b in methylene chloride at 0-23°C for 20-45min. 

afforded the salts 99a-d in good yield through a reactive intermediate 98 86 (through 1,5-sigmatropic 
rearrangement). 



'"if 



9Ga.b 



R'-CBN-R' 

st>d 4 

97&.t> 



chxi * 

0-23*C 



R* 



R> y R 
st>ci, 



SbCJ a R 



1 .5-Sigmatropic 
rearrang*rn«m 



R' R 5 R> R* R' R* 

a) Me Me H H CI H 

b) PI) l-pf H H O H 
() Me Me H H CN H 
(J) Ph Hx H H CN H 



• R 5 
99s-d 



The strained 3,3,6,6-tetramethyl-l-thia-4-cycloheptyne (100) reacts at room temperature with pyridine N-oxide 

(16a) to yield the unstable intermediate 101 which rearranged to the spiro 3H-azepine derivative,! 03 in 54% yield 87 
via the azanorcaradiene (102). 
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I 

o. 



16a 




Treatment of pyridine N-oxides 16a and 50 with 2-chloroalkyl- trichlorophosphonium hexachlorophosphorates 
(104) yields pyridines 15a, 105 and 2-chloroalkylphosphonic dichlorides (106). 88 



X 

6 



i 

o. 



j| + RCH = GHPC! 3 .PCI 6 benze B e [^ JJ + RCH = CHP(0)CI 2 
104 15a. 105 



16a. 50 

X = H, N0 2 ; R = C 6 H 5 , OC 2 H 5 
R = OC 4 H 9 



The reaction of tetracyanoethylene (107) with pyridine (15a) even in anhydrous solvents resulted in the 



formation of pyridinium pentacyano-propenoide (108). 



89 



NC CN p yr idine(20a) 



X 




NC 



CN 



N 




HCN 



CN 



NC CN 7 NC 

H CN 

107 108 

Based on the above finding, it was expected that the reaction of pyridine N-oxides with tetracyanoethylene in 
dry benzene corresponds to salts derived from N-oxides and pentacyanopropene. 

When pyridine N-oxides 109 was allowed to react with tetraeyano-ethylene(107) in dry benzene, a solid begins 
to precipitate in 1-20 min, and the reaction is completed in 1-2 h afforded the ion charge transfer compound (110). It 
was found that the best results were obtained when the reaction was carried out in an ether-ethanol mixture. 90 



http://www.arkivoc.com/home.aspx?VIEW=MANUSCRIPT&MSID=180 



3/11/2008 



ARKAT USA, Inc. 



EXHIBIT A 



Page 16 of 18 




110 



The dissolution of the solid products in dioxane, methylene chloride, chloroform, or acetonitrile resulted in the 
formation of yellow solutions with absorption maxima at 400 and 420 nm. This was attributed to the formation of 
the charge-transfer band. 91 " 92 

Conclusions 

Hydrogen peroxide and acetic acid have been used previously for the oxidation of pyridines. This review 
summarizes the unusual oxidizing agents in quantitative conversion and high chemoselectivity. These reagents (e.g. 
dimethyldioxirane, oxaziridines) act as oxygen source for the oxidation of pyridine. Also, the use of pyridine N- 
oxides for the formation of ion charge transfer compounds which is very important in most of the chemical reaction 
and cycloaddition of N-0 bond with nitrilium salts was studied. 
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1200 OXIDATIONS AND REDUCTIONS 

permanganate. Autoxidation (oxidation by atmospheric oxygen) can be accomplished in 
basic solution. 409 Oxidation of thiols with chlorine and water gives sulfbnyl chlorides di- 
rectly. 410 Thiols can also be oxidized to disulfides (9-35). 
OS II, 471; HI, 226. Also see OS V, 1070. 

D. Reactions in Which Oxygen is Added to the Substrate 



9-27 The Oxidation of Alkynes to a-Diketones 
Dioxo-bieddHion 



r-C^C-R' R-C-C-R' 
z 0 0 

Internal alkynes have been oxidized 411 to a-diketones by several oxidizing agents, 412 includ- 
ing ruthenium tetroxide, 413 neutral KMn0 4 , 414 Se0 2 with a .small amount of HzSO^ 415 
bis(trifluoroacetoxy)iodobenzene, 416 NalO^RuO* 417 Ir-MezSO, 418 and thallium(ni) ni- 
trate, 206 as well as by electrooxidation. 419 Ozone generally oxidizes triple-bond compounds 
to carboxylic acids (9-9), but a-diketones are sometimes obtained instead. Se02 with a small 
amount of H2SO4 oxidizes arylacetylenes to a-keto acids (ArOssCH ArCOCOOH) 413 
while H 2 02-Hg(0Ac) 2 together with a molybdenate salt oxidizes them to a-keto aldehydes, 
though yields are not high. 420 

9-28 Oxidation of Tertiary Amines to Amine Oxides 
/V-Oxygen-attachment 

RaN-^RaN-S 

Tertiary amines can be converted to amine oxides by oxidation. Hydrogen peroxide is often 
used, but peradds are also important reagents for this purpose. Pyridine and its derivatives 
are oxidized only by peradds. 421 In the attack by hydrogen peroxide there is first formed a 
trialkylammonium peroxide, a hydrogen-bonded complex represented as R3NH 2 0 2 , which 
can be isolated 422 The decomposition of this complex probably involves an attack by the 



••Wallace; Schriesheim Tetrahedron 1965, 21, 2271. 
♦"For a review, see Gilbert, Ref. 408, pp. 202-214. 

«"For a review of this reaction, see Haines-1985, Ref. 11, pp. 153-162, 332-338. For a review of oxidations of 
triple bonds in general, see Simandi, in Patai; Rappoport The Chemistry of Functional Groups, Supplement C, pt. 1; 
Wiley: New York, 1983, pp. 513-570. 

«»For a list of reagents, with references, see HudHckf, Ref. 11, p. 92. 

4U Gopal; Gordon Tetrahedron Lett. 1971, 2941. 

"Khan; Newman/. Org. Chem. 1952, 17, 1063; Srinivasan; Lee /. Org. Chem. 1979, 44, 1574; Lee; Lee; Chandler 
J. Org. Chem. 1985, 50, 4306. 

«*Sonoda; Yamamoto; Mural; Isutsumi Chem, Lett. 1972, 229. 

"Vasil'eva; Khalfina; Karpitskaya; Merkushev /. Org. Chem. USSR 1987, 25, 1967. 

<"Zibuck; Seebacb Hdv. Chim. Acta 1988, 71, 237. 

4 *Yusybov; Fflimonov Synthesis 1991, 131. 

^orii; Inokuchi; Hirata Synthesis 1987, 377. 

**BalIistreri; FaiUa; Tomaselli J. Org. Chem. 1988, 53, 830. 

^For reviews, see Albini; Pietra Heterocyclic N-Oxides; CRC Press: Boca Raton, FL, 1991, pp. 31-41; Katritzky; 
Lagowski Chemistry of the Heterocyclic N-Oxides; Academic Press: New York, 1971, pp. 21-72, 539-542. 
«OswaW; Guertin /. Org. Chem. 1963, 28, 651. 
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REACTION 9-31 REACTIONS 1201 

OH* moiety of the H 2 0 2 . Oxidation with Caro's add has been shown to proceed in this 
manner: 423 

R,NI ► O-^— SO3H ► HS0 4 " ♦ R,N— OH rJj— O e 

H 

This mechanism is the same as that of 9-24; the products differ only because tertiary amine 
oxides cannot be further oxidized. The mechanism with other peracids is probably the same. 
Racemic 0-hydroxy tertary amines have been resolved by oxidizing them with f-BuOOH 
and a chiral catalyst — one enantiomer reacts faster than the other. 424 This kinetic resolution 
gives products with enantiomeric excesses of >90%. 
OS IV, 612, 704, 828; VI, 342, 501; », 226. 

9-29 Oxidation of Azobenzenes to Azoxybenzenes 
AMxygen-attachment 

Ar — N=N — At ca ^ OOOB t Ar — N=N — Ar 

°e 

Azo compounds can be oxidized to azoxy compounds by peracids 423 or by hydroperoxides 
and molybdenum complexes. 426 The mechanism is probably the same as that of 9-28. 427 

9-30 Oxidation of Isocyanides to Isocyanates 
Oxygen-attachment 

R-PfeC - s ^ 5 ^R-N=0=0 

Isocyanides have been oxidized to isocyanates with HgO and with 0 3 , as well as with a 
halogen and dimethyl sulfoxide (or pyridine N-oxide). 428 In the latter case the oxidizing 
agent is the halogen, which converts the isocyanide to R— N=CC1 2 which is hydrolyzed to 
the isocyanate. 429 Cyanide ion has been oxidized to cyanate ion with many oxidizing agents. 

Isocyanides can be converted to isothiocyanates (RNC -* RNCS) by treatment with a 
disulfide such as PhCOSSCOPh and thallium(I) acetate or lead(II) acetate. 430 

9-31 Oxidation of Thioethers to Sulfoxides and Sulfones 
5-Oxygen-attachment 

O 

R-S-R -S2l> r-s-R R-S-R 
II II 

o o 



^gata; Tabushi Bull. Chem. Soc. Jpn. 1958, 57, 969. 
<M Miyano; Lu; Viti; SharptessS. Org. Chem. 1985, 50, 4350. 

«For reviews, see Yandovskii; Gidaspov; Tselinskii Russ. Chem, Rev. 1981, 50, 164-179; Newbold, Ref . 136, pp. 
557-563, 573-593. 

"Johnson; Gould J. Org. Chem. 1974, 39, 407. 
* n Mitsuhashi; Simamura; Tezuka Chem. Common. 1970, 1300. 
"For a review, see Simandi, Ref. 411, pp. 559-562. 

"Johnson; Daughhetee 7. Org. Chem. 1964, 29, 246; Johnson; Krutzsch /. Org. Chem. 1967, 32, 1939. 
<»Ianaka; Uemura; Okano Bull. Chem. Soc. Jpn. 1977, 50, 2785. 
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